8 

1. An electrically modifiable.memcay, comprising: 

a first matrix of memory cells, each of which is capable 
of storing at least twd information bits, the first matrix 
oerng divided into sectors; 

an address circuit, coupled to the first matrix, for address- 
ing the memory cells in the first matrix; 

a programming circuit, coupled to the first jnatdx , for 
prograrnming the memory cells in the first matrix; 

a read circuit coupled to the first matrix, for reading from 
the memory cells in the first-matrix; 

a write circuit, coupled to the first matrix, for writing to- 
the memory cells in the first matrix; . . 

a control circuit, coupled to the first matrix, the address 

• circuit, the programming circuit, the read circuit, and 
the wnte circuit; 

a refresh circuit; coupled to the control circuit and receiv- 
ing periodic clock pulses, the refresh circuit activating 
an operation to refresh the memory cells of the first 
matrix in response to the periodic dcK±~puls«;"and 

a second matrix of static memory cells, the second matrix 
of static memory cells containing memory -values that 
are stored in a first sector of the first matrix while the 
first sector is being refreshed, so that the - memory 
values of the first sector may be accessed from the 
second matrix while the first sector is being refreshed. 

2. The electrically modifiable memory of claim 1. wherein 
toe Operation to refresh the memory cells is preformed sector 
oy sector. 

3. The electrically modifiable memory of claim 1. further 
comprising: 

a second address circuit, coupled to the second matrix, for 
addressing the static memory cells in the second 
matrix; • ■ - - 

whe^ri the operation to refresh the memory cells is 
performed in a duplication step for the duplication, in 
the second matrix, of information elements contained 
in a sector of the &st matrix, and a refresh* step "for 
refreshing the memory ceUs of the first matrix contain- 
ing the set of information elements: 

4. The electrically modifiable memory of claim 3. wherein 
the second matrix includes a number of static memory ceUs 
mat is equal to a number of non-volatile memory cells in a 
sector of me first matrix. " ■ ™* 
. 5 * 1 ? c electrically modifiable memory of claim 1, wherein 
toc^refresh operation is performed suSstantially every hour. 

* "£ electrically modifiable memory of claim 1, wherein 
each of the memory cells in the first matrix includes a 
non-volatile memory cell 
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7. The electrically modifiable memory of claim 1. further 
comprising a clock circuit coupled to the refresh circuit, that 
provides the periodic clock pulses to the refresh circuit. 

8. The electrically modifiable memory of claim 1. further 
I comprising an address comparator, coupled to the an address 

circuit, the address comparator receiving an address from an 
external circuit for a memory cell .to be accessed and an 
address defining a sector to be refreshed, and providing as an • 
output a signal indicative of whether the memory cell to be ' 
. accessed is within the sector to be refreshed. 

9. The electrically modifiable memory of claim 1, wherein 
the read circuit includes an output indicative of whether a 
memory cell has an output current at a magnitude indicative 
that correction of data within the memory cell is valid. 

10. A method for operating a memory, comprising the 
steps of: 

receiving a clock input; 

in response to the clock input, determining that a refresh 
operation for a first group of a plurality of groups of 
memory cells within the memory will be performed; • 
. . an ^ ... 

performing the refresh operation for the first group of the 

plurality of groups of memory cells; ' 
wherein, in response to the memory losing power, a value 

from the clock input is stored in nonvolatile memory. 

11. The method of claim 10, wherein each of the first 
group of memory cells includes a memory cell that stores 
multiple bits of data. 

1Z The method of claimlO. further comprising the steps 
of: . . . 

generating the clock input; and 
. in response io power being applied to the memory, 
I re-inlGalMng the clock input to the value that was 
stored in the non-volatile memory. 

13. The method of claim 10. further comprising the steps 
: of: • 

determining that the refresh operation for the first group 

of memory cells is complete; and 
response to the refresh operation for the first group of 
] memory cells being complete, performing a refresh 
operation for a second group of the plurality of groups 
of memory cells within the memory. 

14. The method of claim 10, further comprising the step 
of transferring data from the first group to a storage area that 
is different from the first group of memory cells; so that the 
storage area may be accessed daring the refresh operation of 
the first group of memory cells, 

15. The method of claim 14. further comprising the step 
of accessing the storage area during the refresh operation to 
obtain the data that was previously stored in the first group 
of memory cells. 

16. The method of claim 15, further comprising the steps 
of:. 

determining whether a memory access request is directed 
to a cell within the first gtoup of memory cells while the 
first group of memory ceUs is being refreshed; 
when the memory access request is directed to a cell 
within the first group of memory cells, accessing the 
storage area; and 
when the memory access request is not directed to a cell 
within the first group of memory cells, accessing a 
second group of memory cells. . . 

. 17. The method of claim 14, wherein the'first group of 
memory ceils is in a first memory matrix, and the storage 
area is in a second memory matrix that is different from the 
first memory matrix. 
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18. The method of claim 10. wherein the step of perform- 
ing the refresh operation for the first group includes the steps 
of: 

determining a read current from one of the first group of 

memory cells; 
in response to a magnitude of the read current, determin- 
ing that a refresh' will' be performed; and 
refreshing' by re-writing a value into the one of the first 
—group of memory cells. — - 

19. A method for operating a memory, comprising the 
steps of: : 

detecting that a refresh operation is activated for a first 
group of memory cells within the memory; 

transferring data from the first group of memory cells to 15 
a second group of memory cells so that the second 
group of memory cells may be accessed during the 
refresh operation of the first group of memory cells; 
and 

transferring data from the second group of memory cells 
back to'the first group "of memory cells subsequent to 
the refresh operation of the first group of memory cells. 

20. The method of claim 19, wherein each of the first 
group of memory cells is capable of storing a plurality bits 



20 



of data, the method further comprising the step of refreshing 23 Q f mcmor y ce u$ 



26. The apparatus of claim 25, wherein each of the first 
group of memory cells includes a memory cell that stores 
multiple bits of data. 

27. The apparatus of claim 25, further comprising: 
means for generating the clock input; and 

means, operative in response to power being applied to 
the memory, for re-initializing, the clock input, to the 
value that was stored in the non-volatile memory. . 

28. The apparatus of claim 26. further comprising: 
means for determining that the refresh operation* for the " 

first group of memory cells is complete; and 
means, operative in response to the refresh operation for 
the first group of memory cells being complete* for 
performing a refresh operation for a second group of 
the plurality of groups of memory cells within the 
memory. 

29. The apparatus of claim 25, further comprising means 
for transferring data from fee first group to a storage area 
that is different from the first group of memory cells, so that 
the storage area may be accessed during the refresh, opera- 
tion of the first group of memory cells. - 

30. The apparatus of claim 2$, further comprising; means 
for accessing the storage area during the refresh operation to 
obtain the data that was previously stored in the first group 



each of the first group of memory cells. 

2L The method of claim 20, wherein the step of refresh- 
ing includes the steps of: 

determining a read current from one of the first group of 
memory cells; 

• in response to a magnitude .of the read current, deterrnin- • 
\ ing-that a re&esh .will be performed; and 
performing the refresh by re-writing a value into the one 

of the first group of memory cells. 
22. The method of claim 19, further comprising the step 
of accessing the second group of memory cells during the 
refresh operation to obtain the data that was previously 
stored in the first group of memory cells. 
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31. The apparatus of daim .30, further comprising: 
means for de terminin g whether a memory access request 

is directed to a cell within the first group of memory 
cells while the first group of memory cells is being . 
refreshed;' 

means for aocessing the storage" area when the memory. 

access request is dir ected to a cell within, the first group 

of memory cells, and 
means for accessing a second group Of memory cells. 

when the memory access request is not directed to a cell 

within the first group of memory cells, .. 

32. The apparatus of claim 29. wherein the first group of 
memory cells is in a first memory matrix, and the storage 



23. The method of claim 19, further comprising the steps 40 area is in a second memory matrix that is different from the 



of: 

determining whether a memory access request is directed • 
to a cell within the first group of memory cells while the 
first group of memory cells is being refreshed; 

when fee memory access request is directed to a cell 45 

WlUUil U1C fUdl fciyup VI vv**5, o — z - 

second group of memory cells to respond to the 
' memory access request; and 

when the memory access request is not directed to a cell 
within the first group of memory cells, accessing the 
second "group of memory cells to respond to the 
memory access request* 

24. The method of claim 19, wherein the first group is in 
a first memory matrix, and the second group of memory cells 
is in a second memory matrix that is different from the first 
memory matrix. 

25. An apparatus for operating a memory, comprising: 
means, operative in response to a clock input, for deter- 
mining that a refresh operation for a first group of a 
plurality of groups, of memory cells within the memory 
will be performed; 

means. forewarning the refresh operation for the first 
• group of the plurality of groups of memory cells; 



first memory matrix. 

33. The apparatus of claim 25, wherein the means for 
performing the refresh operation f or the first group includes: 

means for de termining a read current from one of the first 

group of. memory cells; 
means, operative in response to a magnitude of the read 
current, for deter minin g that a refresh will be per- 
formed; and 

means for refreshing by re-writing a value into the one of 
the first group of memory cells. . ; j * 

34. An apparatus for operating a memory, comprising: 
means for detecting that a refresh operation is activated 

for a first group of memory cells within the memory; 
means for transferring data from the first group of 
memory cells to a second group of memory cells so that 
the second group of memory cells may be accessed 
during the refresh operation of the first group of 
memory cells; and 
means for transferring data from fee second group of 
memory cells back to the first group of memory cells 
subsequent to the refresh operation of the first group of 
memory cells. 

^ ^ 35. The apparatus of claim 34, wherein each of the first 

means, operative in response'to the memory losing power, 65 group of memory cells is capable of storing a piuraHtybits 
for stonne a value from the clock input in non-volatile of data, the apparatus further comprising means for refresh- 
memory ingeachof the first group of memory cells. 
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36. The apparatus of claim 35. wherein the means for a refresh operation for a second group of the plurality of 

refreshing includes: groups of memory cells within the memory apparatus in 

means to determining a read current from one of the first response to the refresh operation for the first group of 

group of memory cells; memory cells being complete: 

means, operative in response to a magnitude of the read 5 44 ^ memar y apparatus of claim 40, wherein the first 

current for determining that a refresh will be per- of mcmor ? cells is in a first memory matrix, and the 

formed; and * ' 1 stora 8 c «»i*in a second memory matrix that is different 

•means for performing the refresh by re-writing a value fro i£ ^^^^^^!f A f H ftSw Afi -1 

. into the oTe of the first group of memory eels. . 45 * ™ c mc f ^ ^ atU f of ^T. 40 - ft ?^ 1 ? r co . m P ns - 

" ^VapparaS 10 ing a cornparator ^ 

f^r «~-«i«vlw- j . ^«uj^i««*5 address xndicaUve of a memory access request, a second 

XSFSS? ? ? ♦? ^ • S ^ *»P« that receives an addreslkdicative of the first group of 

refresh operation to obtain the data that was previously JT t# A . M ^ m *„~J*M„«\* t>+ *r J*. , 

stored in the first group of memory cells. 5^' Fading « an output a signal indica- 

i« 4%* . \r ? 1 . IT I _T . . tive of whether the memory access request is directed to a 

38. The apparatus of claim 34. further compnsmg: 15 ccU witWn the first group of memor/cells whfle the first 
means for fctennining whether a memory access request &ou? 0 f memory cells is being refreshed. 

is directed to a cell within the first group of memory 46 , jhc memory apparatus of claim 40, wherein: 

rSsSS C ****** ° f mCm0iy ^ iS ftexeftesh ciiciilltoui^ Oat^cttWes a ^ead'db^ 
' . from one of the-first group of memory cells; and 

^^/^ g±CS ^ nd ^ POfm ^ Ce \ to 20 the refresh circuit determines whether a refresh will be 

respond to .the memory access request when fee performed based upon amagnitude of the reid current- 

memory access request is directed to a cell within the aia JZZZ ~v^^-L _ _ 

first group of memory cells, and 47 A memory apparatus, comprising: 

- . . _ a first group of memory cells: 

means for accessing me second group of memory cells to ..... ^ 

respond to the memory access request when the 25 an indicator circuit that provides a signal indicative that a 

memory access request is not directed to a cell within rcfrcsh OP*** 1011 1S activated for the first group of 

the first group of memory cells. memory cells; 

39. The apparatus of claim 34. wherein the first group is a second group of memory cells, distinct from the first 
in a first memory matrix, and the second group of memory group of memory cells, fee second group of memory 
cells is in a second memory matrix that is different from the 30 cells storing data from the first group of memory* cells 
first memory matrix. so that the second group of memory cells may be 

40. A memory apparatus comprising; accessed during the refresh operation of the first' group 
a plurality ormemory cells arranged in a plurality of J^J^W:. 0 ^. . 

groups of memory cells; 48 - 71x0 mcmor y apparatus of claim 47. wherein each of 

* *- * • J • . * * • 35 the first group of memory cells is capable of storing a 
a refiesh «M circuit having an input that receives a ^ \ f ^ ^ ^ ^ cornprisin | a 

2SL«P,?, ^ ^ 3 f reficsh circuit having an' output that refreshes cadi of me 

indicative that a refresh operation will be performed on first group of memory cells, 

a first group of fee plurality of groups of memory ceUs 49. The memory apparatus of claim 48. wherein: - 

within the memory apparatus; . A « 

awA . . . . . . . . . A . 40 the refresh circuit has an input that receives a read current 

.5? ^h^hav^gan^putft at receives theindi- from 0D e of fte first ^roup of memory cells; and 

cator signal and an output that controls fee refresh . _ . . .. . ........... *.. _ ..' 

operation for the first group of the plurality of groups 4e ^ fresh circuit determines whether a refresh wfll be 

of memorycells- and performed based upon a magnitude of the read current 

, ' . ' . .._ . , A . . , 50. The memory apparatus of claim 47. further compris- 

S "I, 15 , fr °? ?f ° f 45 « ^d circuit havkg an output that accesses the second 

memory cdb. fee storage area storing data that was of ™ry cells during the refresh operation to obtain 

EST? storcdu,the ^ tgroupofmemorycelk.so &t waj ^ - n ^ rf 

that the storage area may be accessed dunng the refresh memorycells. . 

operadon of the first group of memory f*; 5 L Hie memory apparatus of claim 47, further ^mpris- 

41 The memory apparatus of claim 40. wherein each of 50 ^ a mtox ^ havin ^ ^ &5t ^ t ^^^^ 

^ a mCm0iy address indicative of a memory access request, a second 

st<ff«£umple hits of data. . input that receives an address indicative of the first groupof 

41 The memory apparatus of claim 40, further compn> cells, the comparator providing as an output a signal indL: 

• tive of whether the memory access request is directed to a_ 

a dock generator haying an output that provides the clock .55 cc u ^thin the first group of memory cells trifle" the first 

signal to the input of the refresh control circuit, the group of memory* cells is being refreshed, "■ 

clock generator, and 52. The memory apparatus of claim 47, wherein the first 

a storage circuit coupled to the dock generator, mat group is in a first memory matrix, and the second group of 

^Pf^a.^^.signal value from the dock generator in memory cells is in a second memory matrix that is different 

response to the memory losing power. 60 from the first memory matrix. 

43. The memory apparatus of claim 40, wherein the 
refjresh control circuit is constructed and arranged to perform 
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53. A method for operating a 
memory, comprising steps of: 

detecting that a refresh operation is 
activated for a first group of memory cells 
v/ithin the memory; and 

transferring data from the first group 

of memory cells to a storage area that is 
different than the first group of memory 
cells so that the data from the first group of 
memory cells may be accessed during the 
refresh operation of the first group of . 
memory cells. 

54. An apparatus for operating a 
memory, comprising: 

means for detecting that a refresh 
operation is activated for a first group of 
memory cells within the memory; and 

means for transferring data from the 
first group of memory cells to a storage area 
that is different , than the first group of 
memory cells so that the data from the first 
group of memory cells may be accessed 
during the refresh operation of the first 
group of memory cells. 
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